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MICROPROGRAMMED CONTROL OF 
EXTENDED INTEGER AND COMMERCIAL 
INSTRUCTION PROCESSOR INSTRUCTIONS 
THROUGH USE OF A DATA TYPE FIELD IN A 

_CENTRAL PROCESSOR UNIT 

RELATED APPLICATIONS 

The following U.S. patent applications which are 
assigned to the same assignee as the instant application 
are related to the instant application and are incorpo 
rated herein by reference. 

1. “Bus Sourcing and Shifter Control of a Central 
Processing Unit" by Philip E. Stanley, William E. 
Woods, Richard A. Lemay and David E. Cushing, 
having U.S. Ser. No. 326,260 and ?led on Dec. l, 1981. 

2. “A Multiword Memory Data Storage and Ad 
dressing Technique and Apparatus” by David E. Cush 
ing and Philip E. Stanley, having U.S. Ser. No. 280,720 
and ?led on July 6, 1981. 

3. “Control Store Test Selection Logic for a Data 
Processing System" by William E. Woods, David E. 
Cushing and Philip E. Stanley, having U.S. Pat. No. 
4,348,723 and issued on Sept. 7, 1982. 
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4. “Address Pairing Apparatus for a Control Store of 25 
a Data Processing System" by David E. Cushing and 
Philip E. Stanley, having U.S. Pat. No. 4,348,724 and 
issued on Sept. 7, I982. 

5. “Control Store Organization for a Data Processing 
System“ by Philip E. Stanley, David E. Cushing and 
Donald R. Taylor, having U.S. Pat. No. 4,360,869 and 
issued on Nov. 23, 1982. 

6. “Buffer System for Supplying Procedure Words to 
a Central Processor Unit” by William E. Woods, Philip 
E. Stanley, David E. Cushing and Richard A. Lemay, 
having U.S. Pat. No. 4,349,874 and issued on Sept. 14, 
1982. 

7. "Self-Evaluation System for Determining the Op 
erational Integrity of a Data Processing System“ by 
Elmer Wayne Carroll, Virendra S. Negi, Arthur Peters 
and Richard P. Brown, having U.S. Pat. No. 4,322,846 
and issued on Mar. 30, 1982. 

8. “Local Bus Interface for Controlling Information 
Transfer Between Units in a Central Subsystem" by 
Arthur Peters, Virendra S. Negi, David E. Cushing, 
Richard P. Brown and Thomas F. Joyce, having U.S. 
Pat. No. 4,323,967 and issued on Apr. 6, 1982. 

9. "Stack Mechanism with the Ability to Dynami 
cally Alter the Size of a Stack in a Data Processing 
System” by Philip E. Stanley and P. Szorc, having U.S. 
Ser. No. 140,624 and ?led on Apr. 15, 1980 which was 
abandoned and a continuation ?led, having Ser. No. 
430,488 and ?led on Sept. 30, I982. 

[0. “Interface for Controlling Information Transfers 
Between Main Data Processing Units and a Central 
Subsystem” by George J. Barlow, Philip E. Stanley and 
Richard P. Brown, having U.S. Pat. No. 4,371,928 and 
issued on Feb. l, 1983. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The invention relates generally to data processing 

systems and more particularly to the apparatus which 
receives data type ?eld signals from a descriptor word 
of an instruction. 

2. Description of the Prior Art 
Within the data processing industry, there has been 

continual effort directed to increasing the performance 
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2 
ofa computer system while at the same time decreasing 
the cost of the system. Among the many variables to be 
considered in an attempt to increase the performance of 
the data processing system, two very important consid 
erations are the speed of the processor employed within 
the system and the speed with which data can be trans 
ferred between the system memory and the processor 
unit. One prior art approach to increasing the perfor 
mance of the data processing system was to provide a 
plurality of processor units each connected to the sys 
tem memory over a common data bus. As an extension 
of this approach, individual processor units were spe 
cially designed to execute particular types of processor 
operations. Thus, the data processing system might 
include a high speed. scienti?c processor unit specially 
adapted to performing complex mathematical calcula 
tions at a high level efficiency, a commercial instruction 
processor specially designed to officially perform oper 
ations common in business-related data processing, and 
a more generalized central processor unit serving as a 
master processor for controlling the operation of the 
entire data processing system while also providing addi 
tional processing capability. 

It was common in such multiple processing data pro 
cessing systems for each processor to communicate 
with the system memory by means of individual con 
nections to a common data bus which in turn was con 
nected to the system's memory. The great increase in 
processing power provided by the use of multiple spe 
cially designed processors resulted in a degree of suc 
cess in increasing the overall performance of the system 
but the tremendous amount of data constantly being 
requested by the processors exceeded the capacity of 
the system‘s memory to transfer the data to the proces 
sors in order to have them executing at optimal rates. 
A second approach to maximizing the performance 

of a computer system was to minimize the number of 
times a processor unit was required to access the system 
memory in order to obtain data stored therein. This 
approach contemplated the use of a very high speed 
memory limited capacity called a cache memory. The 
most recent information requested by the central pro 
cessor unit from the system’s memory would be stored 
in the cache memory simultaneously with its transfer to 
the processor unit. Subsequent requests for such infor~ 
mation would result in the transfer of the data directly 
from the cache to the processing unit without any need 
for accessing the large capacity but slower system mem 
ory. 
A third approach to increasing the performance of a 

data processing system was in fact a hybrid of the ?rst 
and second approaches and contemplated providing 
multiple specialized processors within the data proces 
sor system and employing the cache memory for the 
controlling processor, e.g., the CPU. This ameliorated 
to a degree the lack of capacity to transfer suf?cient 
data to the processors to enable them to operate eff - 
ciently. The CPU was, however, primarily bene?tted 
because it was directly connected to the cache memory 
and it was required to access the system memory less 
often. A secondary bene?t was provided to the other 
processors because a decrease in traf?c on the data bus 
transferring information between the system memory 
and the processors resulted from the fewer requests for 
access by the CPU. 
Even the hybrid approach, however, has not resulted 

in a data processing system wherein multiple specialized 
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processors can be continually optimally operated. A 
signi?cant impediment to maximizing the processor 
capabilities of the data processing system still arises 
from the inability to transfer information within the 
system at suf?ciently high rates in order to take advan~ 
tage of the inherent ef?ciencies of multiple, specially 
designed processors. 
Another limitation to the performance of the system 

is the size of the operand that the CPU can process 
during a single machine cycle. CPU's such as described 
in US Pat. No. 4,206,503 are limited to a 16-bit word. 

OBJECTS OF THE INVENTION 

Accordingly, it is an object of the present invention 
to further increase the performance of a data processing 
system. 

It is a further object of the present invention to pro 
vide an improved CPU for processing operands of 
greater size. 

It is another object of the present invention to pro 
vide an instruction type which includes a descriptor for 
specifying the size of the operand. 

It is yet another object of the present invention to 
provide a means responsive to operand size signals and 
control store signals to cause the control store to branch 
to microprogram routines for processing the different 
operand sizes. 

SUMMARY OF THE INVENTION 

A data processing system includes a memory subsys 
tem which stores instructions and operands and a cen 
tral processor unit (CPU) which receives the instruc 
tions and operands from the memory subsystem and 
executes the instructions. The instructions include a ?rst 
and a second word. The ?rst word includes an opera 
tion code ?eld and an escape code ?eld. The operation 
code ?eld identi?es the instruction the CPU will exe 
cute and the escape code identi?es the class of instruc 
tion including extended integer instructions (Eli) and 
commercial instruction processor (CIP) instructions. 
The second word includes a data type ?eld and an 

address syllable ?eld. The data type ?eld identi?es the 
type of operand. For the E11, the data ?eld indicates a 
bit string, a digit, a half word. a word, a double word, a 
quad word or an address operand. For the CIP instruc 
tion. the data ?eld indicates a digit or a half word oper 
and. The address syllable in conjunction with the escape 
code indicates the elements involved in the calculation 
performed by the CPU to generate the effective address 
of the operand. 
The CPU is microprogram (?rmware) controlled and 

includes a control store for storing the microwords. The 
control store is responsive to the operation code signals 
for generating control signals representative of the mi 
crowords to control the CPU operation in executing the 
instruction. 
During the execution of the instruction under ?rm 

ware control, the data ?eld signals are loaded into the F’ 
register 76 of FIG. 11 and are applied to the address 
tenninals of read only memories (ROM) 44-2. Also 
applied to the address terminals are a number of other 
signals. Bit position 4, the high order bit of the opera 
tion code, generates an FREGUIH- signal which identi 
?es the instruction as either an EII or a CIP instruction. 
A MEMADR— signal generated by the control store 
signals indicates if the operand is stored in the memory 
subsystem. If the MEMADR— signal indicates that the 
operand is stored in a register, then signal MISC7B+ 
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generated by the control store signals identi?es the 
register either as one of those addressable via address 
syllable 1 or one of those addressable via address sylla 
ble 3. 
The ROM output signals ODSIZ1+, ODSIZ2+, 

ODSIZ4+ and ODADDR+ are tested by the ?rm 
ware, resulting in the ?rmware branching to the routine 
which processes the indicated data type. 
The address syllable may call for a third instruction 

word which represents an operand (IMO) or an address 
which is used to locate the operand (IMA). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features which are characteristic of the 
invention are set forth with particularity in the ap 
pended claims. The invention itself, however, both as to 
organization and operation may best be understood by 
reference to the following description in conjunction 
with the drawings in which: 

FIG. 1 is a general block diagram of the system in 
which the apparatus of the present invention is in 
cluded; 

FIG. 2 is a detailed block diagram of the central 
processing unit of the present invention; 

FIG. 3 illustrates details of the connections to the 
arithmetic logic unit ofthe central processing unit ofthe 
present invention; 

FIG. 4 illustrates details of the composition of loca 
tions of the control store included in the central pro 
cessing unit of the present invention; 

FIG. 5 identi?es the instruction word and descriptor 
word ?elds; 
FIG. 6 identi?es the data type bits of the descriptor 

word; 
FIG. 7 shows the layout of the address syllable 1 

map; 
FIG. 8 shows the layout of the address syllable 2 

map; 
FIG. 9 shows the layout of the address syllable 3 

map; 
FIG. 10 shows a table of representative extended 

integer instructions; 
FIG. 11 is a logic diagram of the read only memory 

and associated logic; 
FIG. 12 shows the bit con?guration of the read only 

memory; 
FIG. 13 is a flow diagram of the ?rmware which 

determines the operand size; and 
FIG. 14 is a flow diagram of the ?rmware processing 

representative extended integer instructions. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 is a general block diagram of the con?guration 
of the system in which the CPU to be described may be 
included. Such a system includes a central processor 
unit (CPU) 100, and optional processors which may 
include a scienti?c instruction processor (SIP) 101 and 
a commercial instruction processor (CIP) 102. These 
optional processors may be used to extend the range of 
the basic processor 100 for special applications. The 
system may also include a Cache/MMU (Cache memo 
ry/memory management unit) unit 103, an electrical 
system bus 105, memory modules (main memory) 106, 
input/output (I/O) controllers 107 coupled to I/O de 
vices 108, and a multiline communications controller or 
processor (MLCP) 109. The system may also include a 
multiprocessor con?guration in which there is a second 
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central subsystem 110 which includes all or a portion of 
the above-described system. 
The central subsystem processors are connected to 

each other by way of a local bus 9 and they are con 
nected to the rest of the system by way of the Ca 
che/MMU unit 103. The function of the Cache/MMU 
unit in the central subsystem is to provide a buffer stor 
age for the portion of main memory 106 that is currently 
being used by the processors, and to provide for transla 
tion of the main memory address. The function of the 
local bus 9 is to provide an interconnection among the 
three processors and the Cache/MMU unit 103. As 
shown in FIG. 1, there are private interfaces between 
the CPU 100 and the other two processors. There is also 
a private interface from each processor to the Ca 
che/MMU. The local bus 9 is a time-shared or public 
interface, that is, shared by all three processors and the 
Cache/MMU. In addition, the Cache/MMU 103 pro 
vides an interface via the system bus 105 to the rest of 
the system, primarily the memory 106 and the I/O de 
vices 108 via controllers 107. 
The CPU block diagram of FIG. 2 will now be dis 

cussed. More particularly, the various electrical buses 
and functional units and their interrelationships will be 
discussed. The primary elements of the CPU are shown 
within the dotted lines. A ?rst such element is the local 
bus interface 10 which includes a data buffer 31, a round 
robin procedure storage buffer 36, and various procedu 
re/data word and address multiplexers (MUX's) cou 
pled with a source bus 33 as well as other devices to be 
discussed. The ?rst element 10 is utilized for the pur 
pose of receiving data from the system bus 105. 
A second element 16 is the arithmetic element and 

includes several devices including two sets of register 
arrays (RAM’s) called the DRAM 11 and the BRAM 
12. and the RAM or R bus 13, to which RAM‘s 11 and 
12 are connected. It also includes the input or inner bus 
(IBUS) 14 to which the BRAM 12, as well as other 
devices. connects. The second element also includes the 
DALU l5, i.e., the arithmetic logic unit, which is cou 
pled to drive the DRAM 11. 
A third element 22 of the CPU includes the Outer (0) 

bus 17 and the Write (W) bus 84, the shifters 19-1 and 
19-2 which connect them, and the selectors which drive 
them. These selectors include the DALU/R bus selec‘ 
tor 20 and the Y register/P register (YP) selector 21. 
A fourth primary element 27 is the address section of 

the CPU and includes the procedure address register 
(P) 23 and the data address register (Y) 24. It also in 
cludes the address multiplexer 25 and the Prefetch ad 
dress register 26. Also included in element 27 are the 
write data register (W) 28, and the write data selector 
(WS) 29. This portion of the CPU is utilized for the 
purpose of transferring data to the local bus 9. 
Device 30 is the test logic of the CPU, which is 

shown in FIG. 7, and includes a set of eight-to-one 
multiplexers which in turn drive a second set of at least 
two eight-to-one multiplexers which generate a single 
binary signal called “Test True" or "Test False”, which 
is then used to control branching in the firmware. The 
Test True and False signals are coupled to the PROM's 
included in the control store banks 80 and 81 as shown 
in FIG. 5. 
The next address generator 44 (FIG. 2) is coupled to 

the F register 38 and the F bus 37. The next address 
generator is primarily concerned with generating ad 
dresses for use in the CPU. 
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6 
The function of element 10, which is the local bus 

data input area, is to receive data which is returning 
from the Cache/MMU 13 or from other devices on the 
local bus 9, to select data from the bootstrap PROM's 
41 if a bootstrap procedure execution is requested, and 
to direct such data to the appropriate data buffer. If an 
instructional fetch is called for, for example, the data is 
placed in the function register. More particularly, the 
primary data buffer 31 receives 16 or 32-bit data words 
from the local bus 9. The output of the data buffer 31 is 
connected the the L bus 32. The L bus is used both to 
drive the source bus 33 by use of a pair of selectors DA 
34 and DW 35 and to drive the four word procedure 
buffer 36. Non-procedural data enters the CPU via the 
source bus 33 which is driven from the data selectors 
from the L bus 32. 

Procedural data enters the CPU via a different set of 
selectors, PA 39 and PW 40, coming from the proce 
dure buffer 36. The procedure buffer has the responsi 
bility of containing the next two or three words of the 
procedure to be executed, so that when they are re 
quired, time will not have to be spent fetching them. It 
is automatically reloaded from the Cache/MMU 103 
via the local bus 9 as it is emptied by the CPU. 
The F bus 37 is a special bus which is used for gating 

information for the F register 38, i.e., the four areas 
labeled FOP, FM, FN and Link. The F register is the 
primary instruction register of the CPU. The function 
of the F bus 37 is to take data from the F register 38 and 
provide data to the F register from various sources. 
There is also a multiplexer 43 which allows the loading 
of either constants or data from element AS’ 42 into 
either the Link or the FN location of the F register 38. 

Also in the element 10, which is the data input area, 
the set of bootstrap PROM‘s 41 can be used to provide 
instructions, in place of instructions from memory, if 
operating in the bootstrap mode. 
The storage device (procedure store) 36 having loca 

tions A, B, C, and D is a round robin four-word proce 
dure store. Whenever it has room for two words of 
procedure, i.e., it is at least half empty, then it automati 
cally initiates a memory read of procedure via the local 
bus 9, from the Cache/MMU. The returning data is 
dropped into the next two locations which are available 
in this round robin store. As the CPU uses procedures 
by either emitting it to the source bus 33 for use inside 
the processing elements of the CPU, or by sending it to 
the F register 38 because it is part of an instruction, then 
the two pointers 36-1 and 36-2, which represent in effect 
cursors in the round robin store, advance to the next 
location available by use of a conductor included in 
device 36 which succesively enables the four locations 
to the outputs of device 36. The left-hand cursor or 
pointer 36-2 indicates the next word of procedure to be 
fetched; the right-hand cursor 36-1 represents the word 
following that. Sometimes one word of procedure is 
used up in which case the word indicated by the left 
hand cursor would be used to generate the information, 
passing through the PW multiplexer 40. Sometimes 
there is a requirement for two words of procedure (as 
when pulling a large address form (LAF) address); then 
the words indicated by both the left-hand and the right 
hand cursors are combined in the PA multiplexer 39 of 
the procedure selector. 

Thus, element 10 is the area concerned with bringing 
data into the CPU through the source bus 33, via either 
data selectors 34 and 35, or the procedure selectors 39 
and 40, or bringing data directly into the instruction (F) 
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register 38 via the procedure buffer (round robin proce 
dure store) 36 and the F bus 37. Device (F') 76 is used 
to hold selected bits from auxiliary address information 
or syllables. The address syllable is actually part of a 
l6-bit data descriptor. Certain bits in the descriptor 
have to be retained for subsequent analysis. The ope 
rand-size bit in the CIP descriptor and the operand size 
and signed versus unsigned bits in the K register de 
scriptor have to be retained. These are retained in the 
5-bit F’ register 76. 
The second element 16 contains the arithmetic logic 

unit (DALU) 15, the DRAM 12 and the DRAM 11, 
containing all of the programmer visible registers, plus 
a number of non-programmer visible work registers. 
These data storage elements are organized as follows. 
The DRAM 11, which is one of the two sources which 
can drive the RAM bus 13, contains 32 locations, each 
of which is 24 bits wide. These locations are used to 
hold 7 so-called D registers, 2 halves (K & L) of the 7 
so-called K registers which are 32 bits long, a number of 
internal pointers, and 7 so-called M registers. The 
BRAM 12 which contains 16 words, each 24 bits wide, 
contains the 7 base registers plus a number of program 
mer visible and programmer invisible pointers of vari 
ous types. 

FIG. 3 shows in more detail the relationship between 
the RAM's, the buses and the DALU 15. The DRAM 
11 and the BRAM 12 can each be sources to the RAM 
bus 13. The BRAM 12 is actually a dual structure; that 
is, there are two parallel BRAM's 60 and 61 in the CPU. 
The two elements of the BRAM 12 are loaded identi 
cally. One such element which drives (or transfers data 
to) the R bus 13 is element 60, and the other which 
drives the 1 bus 14 is the BRAM element 61. The impor 
tant aspect of the two identical BRAM’s is that the 
system speed is increased. 
The R bus 13 can be driven either by the BRAM 60 

or by the DRAM 11. Other sources as will be seen also 
drive the l bus 14. The DALU 15 uses the I bus and the 
R bus as its inputs and the output of the DALU is then 
recycled to the DRAM and/or used elsewhere in the 
CPU. 

Element 16 includes two buses of major interest. The 
so-called I bus 14 is the primary source of original input 
within the processor; that is, data from memory comes 
into this bus as does the output of the Q register 50 via 
driver 54 and the output of the BRAM 12. The second 
bus, the so-called R or RAM bus, is the point at which 
the outputs of the two different RAM’s, the BRAM 12 
and the DRAM 11, are coupled. The outputs of these 
two buses are the inputs to the DALU 15, which gener 
ates data which can either be returned into the DRAM 
11 or sent to the 0 bus 17 for further processing in the 
system. 
Both the I bus and the RAM bus employ a hardware 

element referred to as “batlatch" (BL) which is a gate 
whose input and output are tied together for coupling 
signals onto the bus. This batlatch is intended to take 
over control of that signal after the driving source is 
required to go off the bus for timing and sequencing 
reasons. When this happens, the batlatch then supports 
that signal at the same level as it was when the driving 
sources were present, until the batlatch is turned off at 
which time the bus signal can relax (go to a predeter 
mined level such as zero volts). 
The RAM bus 13 is the interface for the transfer of 

data between the control panel 90 and the central pro 
cessing unit, and is connected to it via 16 bidirectional 
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8 
signal lines. Memory data couples to the I bus 14 via a 
set of drivers called the data latches (DL) 51. The data 
latches are paralleled by a second series of latches called 
SE or sign extension latches 52. These SE latches are 
used either to sign or zero extend the data latches when 
they are only providing a l6-bit quantity to the 24-bit 
bus. Similarly, the SE logic 52 is used to take either 7 or 
8 bits of the current instruction and sign extend it to 24 
bits for use by the branch and value instructions which 
get their displacement and their operand respectively _ 
from the right-hand portion of the instruction word. 
There is also associated with the BRAM 12 and 

DRAM 11 logic called the select/modify logic 53, 
which allows the DRAM and the BRAM to be ad 
dressed in blocks of 8 registers, using various ?elds in 
the instructions to control the individual register selec 
tion within that block. 

Constants generator (KON) 70 is also included in 
element 16, the primary ALU area, and is another 
source to the 1 bus 14; that is, it is the source that can be 
used to generate 24-bit constants onto the I bus for use 
by the arithmetic logic unit under control of the ?rm 
ware. 

Thus, element 16 is the primary arithmetic operation 
area in the CPU; that is, it is concerned with operand 
manipulation and with the generation of operands for 
insertion into the DRAM 11, or operands which are 
intended to be sent to the 0 bus 17, either to be returned 
to the BRAM 12 or to be sent to various address and 
data registers for output to the local bus 9. 

Element 22 is concerned primarily with the section of 
the CPU referred to as the Outer (0) bus 17 and the 
Write (W) bus 84. The 0 bus 17 is the bus upon which 
various data paths are collected, i.e., the Y register 24, 
the P register 23, the output of the DALU 15 and the 
RAM bus 13. The W bus 84 is the bus which is used to 
transfer operands to the BRAM 12, to the write data 
registers, and to the BALU 55 which is the ALU pri 
marily responsible for address manipulation. 
Between the O bus 17 and the W bus 84 is a set of 24 

multiplexing shifters 19 which allow the shifts of l, 2 or 
4 bits in either direction on 0 bus 17 operands. In addi 
tion, there is also a set of 16 multiplexing shifters 56 
which are used to load operands into the Q register 50. 
Two of the four different types of operands which are 

sourced to the 0 bus 17 originate at the DALU 15 and 
at the RAM bus 13 and are selected through a two 
to-one multiplexer 20 coupled to the 0 bus 17. Two 
other sources for the 0 bus 17 are the Y register 24 
which is the data address register, and the procedure 
address (P) register 23. The outputs of these two units 
are coupled via the two-to-one multiplexer (Y / P selec 
tor) 21 and sourced onto the 0 bus 17. Also coupled to 
the O bus 17 is the I register 57, the indicator, register 
for the central processing subsystem. The contents of 
the 0 bus 17 can be transferred either directly or shifted 
to the W bus 84 for further processing in the CPU. They 
can also be loaded into the Q register 50 directly so that 
the Q register can be used for double precision shift 
operations. 

All shifting which takes place within the CPU takes 
place by manipulation of operands between the 0 bus 
17 and the W bus 84. The twenty-four shifters 19 are 
used to shift 24-bit operands, the size of the operands on 
the 0 bus 17 and the W bus 84, left or right under the 
control of the control store word. They can shift by 
either 1, 2 or 4-bit positions, transfer the operand 
straight through, or transfer the operand through with 
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the two right-hand bytes of the operand interchanged. 
The operation of these shifters is controlled by a special 
?eld in the control store word. This section of the CPU 
is used for 24-bit operands shifts. When 32-bit (double 
register) operands are shifted, the right-hand operand is 
loaded into the Q register 50 via the 0 bus 17, and then 
a shift is performed in which not only the W bus shifter 
19, but also the sixteen Q register shifters 56 are oper 
ated. The Q register contents are thereby treated as a 
16-bit extension on the right-hand end of the 24-bit 
operand which is being shifted onto the W bus 84; the 
ends of these two shifters are coupled together, thus 
allowing a 40-bit shift to occur. In such double register 
shifts, the operands of interest are the 16 bits which are 
returned to the Q register 50 and the 16 bits which are 
transferred to the right-hand two bytes of the 0 bus 17 
while the left-hand 8 bits of the data of the W bus 84 are 
usually discarded. 
Element 75 represents the collection of the status bits 

in the CPU for emission to the W bus 84 via driver 93 
under certain conditions. The W bus 84 has two 
sources, the primary one being the shifter 19 from the 0 
bus 17. This shifter 19 can be disabled as an input to bus 
88 and instead the status bits (5/2) in element 75 can be 
placed on the W bus 84 for subsequent analysis by the 
firmware. 
One unit of hardware which is associated with the Q 

register 50 which has not been previously discussed is 
the KB register 58 and the decoder 59 coupled thereto. 
The XB register 58 is used during index shifting to 
capture those bits of the index which are shifted right 
for subword operands and which are lost because they 
move to the right of the single word bit in the address. 
They are captured in the X13 register 58, one bit for 
half-word bits, two bits for digit shifts, and four bits for 
bit-sized operand shifts. The XB register 58 contents are 
subsequently used to directly control left versus right 
half selection when dealing with half-word operands, 
when generating a parameter to be sent to the commer~ 
cial instruction processor for digit operands, and to 
generate a mask of 15 binary ZERO‘s and a single bi 
nary ONE, in conjunction with the decoder 59, when 
operating on bit operands. That is, for a bit operand, a 
word is read, a mask is used to set or clear the selected 
bit in the word, and then the word is written back into 
the memory. The mask is generated from decoder 59 
and is an input to the Q register 50. That is, one of the 
items that can be loaded into the Q register is the de 
coder mask generated from the contents of the XB 
register 58. 
The fourth major element in the CPU is area 27, the 

element which is concerned with the generation of 
addresses, commands and operands for transmittal to 
the local bus 9, and via the local bus to either the CIP 
102, the SIP 101, or the Cache/MMU 103 and hence, to 
memory or to Input/Output (I/O) devices 108. This 
major element can be broken down into approximately 
three areas, the ?rst being the write data register (W) 28 
and the write selector (WS) 29. Register 28 is a 32-bit 
register with a partitioned load capability, that is, either 
the right half or the left half, or both halves of this 
register can be loaded. The right half is always loaded 
from 16 bits of the W bus 84 via drivers 74. The left half 
is written with data which comes from the write selec 
tor 29. This write selector has as its 16 inputs either the 
16 bits of the right half of the W bus 84 or the 8 left-hand 
bits of the W bus plus either sign or zero extension. The 
W bus is the primary path by which data can be sent to 
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the W register 28 in order to subsequently write such 
data to any other device coupled on the local bus 9. 
The next area in the local bus output interface 27 is 

the command driver 71. The command driver 7] drives 
a series of command lines which accompany all trans 
fers by the CPU 100 on the local bus and indicates to the 
Cache/MMU 103 either a memory reference cycle, an 
I/O reference cycle, or a local bus reference cycle to 
the Cache/MMU or one of the local bus processing 
units. The information which is transferred onto the 
command lines is derived from the F and FK ?elds of 
the control store or ?rmware (FW) word shown in 
FIG. 4, which also at other times the functioning of the 
F register 38 of element 10. 
The third portion of element 27 includes the two 

primary address registers, i.e., the Y register 24 for 
non-procedural memory addresses and for addresses to 
other devices on the local and system buses, and the P 
register 23 (the program counter), and the prefetch 
register 26. 
The P register 23 keeps track of the last word which 

the ?rmware has used, which word has been taken from 
the round robin buffer 36 and input to the CPU 100 for 
operations thereon. The prefetch register 26 keeps track 
of which word is to be next fetched from memory; that 
is, the P and PF registers may differ by any number in 
memory address from one to four words, depending on 
how full the round robin buffer is and how recently the 
central processing system has taken data from the 
buffer. If the central processing system has taken all the 
data from the buffer, it takes a ?nite amount of time for 
the Cache/MMU 103 to respond with new data in re 
sponse to a request, and ?ll buffer 36 again. Under those 
circumstances, the prefetch register 26 and the address 
of the P counter or register 23 would be close together 
or the same in address content. When the buffer 36 is 
full and the CPU 100 has not taken any data recently, 
then the P register will be two to four words behind the 
prefetch register because it is indicating the last word 
taken from the prefetch register which indicates the 
next word to be sent forth from memory as soon as 
there is room for it in the prefetch register. 
The contents of the P register 23 are never admitted 

to the local bus 9 as a memory address source. The two 
sources for data which can go to the local bus via the 
virtual address multiplexer 25 are the Y register 24 
which is used for all non-procedural fetches and the 
prefetch register 26 which is used automatically by the 
prefetch logic to go to memory and request words for 
use in subsequent ?rmware steps. 
The arrows on devices 23, 24 and 26 are indicative of 

the incrementing capability of those particular registers. 
That is, the P register can increment by either one or 
two words depending on the number of words which 
are taken out of the prefetch buffer 36 at a time. That is, 
pulling one word from the prefetch 36 buffer automati 
cally increments the P register by one; pulling two 
words from the prefetch buffer 36 automatically incre 
ments the P register by two. The prefetch register 26 
always increments by two because prefetches are al 
ways performed on a pair of words. The Y register can 
increment by either one or two under the control of the 
?rmware as it is used, or in preparation for future use. 
There is a bus control ?eld in the ?rmware word which 
allows control of such incrementing and the various 
cycle requests to the local bus. 
The inputs to the W register 28 are two 16-bit data 

paths which are exercised in various ways. If it is de 




















